INTRODUCTION 68
Analyses of several genetically modified mouse 69 models have during the last decades shown that 70 predisposition to obesity can be regulated 71 independently of food intake and physical activity 72 (62). A large proportion of these mice show 73 enhanced expression and/or activation of the 74 uncoupling protein 1 (UCP1) (6). UCP1 functions as 75 a proton channel in the inner mitochondrial 76 membrane by-passing the normal ATP-production 77 resulting in heat-production. Due to the possible 78 beneficial effect of UCP1 in relation to the treatment 79 of obesity, understanding its modes of function and 80 regulation has been an area of intense interest. 81
The peroxisome proliferator-activated receptor γ 82 coactivator 1α (PPARGC1a) plays a pivotal role in 83 the control of Ucp1 expression (35). Activation of 84 this cofactor leads to the induction of not only Ucp1 85 but also several genes involved in mitochondrial 86 function including β-oxidation. The more recent 87 family member, PPARGC1b, has been shown to 88 share some, but not all functions with PPARGC1a in 89 the regulation of the thermogenic program. were slimmer by macroscopic inspection and had 407 gained significantly less body mass compared to 408 their wildtype counterparts ( Figure 1A+B ). We 409 observed no difference in the mice kept on chow.
410
All mice used were 9-10 weeks of age at the onset 411 of the experiment to avoid interference from 412 possible tumor development in TRP53-deficient 413 mice which happens at high rate later in life (14). 414
To verify that the reduced body mass gain in the 415 high-fat fed mice was not simply due to reduced 416 energy intake and/or reduced fat absorption, feed 417 intake and stool fat content were measured. 418
Interestingly, the fat content in stool from TRP53-419 deficient mice was lower than that in stool from 420 wildtype mice ( Figure 1C ). As the feed intake was 421 similar in the two groups of mice ( Figure 1D ), the 422 decreased body mass gain indicated lowered feed 423 efficiency in mice lacking TRP53 ( Figure 1E ). 424
Obesity is usually accompanied by decreased insulin 425 sensitivity and impaired glucose homeostasis. The 426 levels of serum glucose in the fed state were not 427 statistically different between the two mice 428 genotypes ( Figure 1F ). During the short feeding 429 period, the absence of TRP53 did not affect glucose 430 tolerance ( Figure 1G ). However, we did observe an 431 increased glucose clearance in TRP53-deficient 432 mice subjected to an insulin-tolerance test ( Figure  433 1H) in agreement with previous findings (41) 434 although there was no effect on the initial glucose 435 disappearance rate (kITT) (wildtype: 436 1.76±0.40%/min and Trp53-/-: 2.82±0.92%/min, 437
S.E.M.). 438
Surplus energy is stored as triglycerides in adipose 439 tissues. Interestingly, the masses of adipose depots 440 were decreased in mice lacking TRP53 but only in 441 mice kept on the high-fat diet (Figure 2A Figure 2E ). This finding was strengthened by 458 decreased macrophage marker gene expression in 459 the adipose stores of TRP53-deficient mice ( Figure  460 2F). The decreased infiltration was in agreement 461
with the improved ability of TRP53-deficient mice 462
to cope with the high-fat feeding. 463
The lower adipose mass could then reflect impaired 464 uptake of fatty acids in adipocytes, which 465 presumably would lead to increased circulating 466 levels and/or ectopic systemic deposition of fatty 467 acids. Therefore, we measured the concentrations of 468 triglycerides, free fatty acids, and glycerol in 469 wildtype and TRP53-deficient mice. Plasma levels 470 of triglycerides, free fatty acids, and glycerol were 471 similar in mice of the both genotypes ( Figure 1F ).
472
Furthermore, we observed no signs of steatosis in 473 the livers of TRP53-deficient mice. Rather, 474 histological examination revealed the presence of 475 lipid droplets only in livers from wildtype mice 476 ( Figure 3A) . 477
Fatty acids can be converted into ketone bodies in 478 the liver. However, it is unlikely that the absence of 479 steatosis in TRP53-deficient mice was caused by 480 increased channeling of lipid into ketone body 481 production as we found no significant difference in 482 the plasma-level of OH-butyrate, the prime ketone 483 body, between mice harboring or lacking TRP53 484 ( Figure 1F ). Furthermore, mRNA levels for the rate-485 limiting enzymes in ketone body production, acetyl-486
CoA acyltransferase 2 (Acaa2) and 3-hydroxy-3-487 methylglutaryl-CoA synthase 2 (Hmgcs2), were 488 similar in mice of both genotypes ( Figure 3B We therefore speculated whether TRP53-deficient 508 mice had altered expression of genes associated with 509 thermogenesis. We found no differences in 510 interscapular BAT (iBAT) ( Figure 4A Furthermore, expression of other iBAT marker 526 genes was not impaired in the TRP-deficient mice 527
( Figure 4B-D) . 528
Interestingly, when assessing iWAT for expression 529 of Ucp1 and several other thermogenic markers, we 530
found an upregulated expression of PPARGC1a and 531
PPARGC1b target genes but neither Ppargc1a nor 532
Ppargc1b mRNAs in mice lacking TRP53 compared 533 to wildtype mice on a high-fat diet ( Figure 5A ). Of 534 note, the increased Ucp1 mRNA level in the iWAT 535 of TRP53-deficient mice was accompanied with an 536 augmented number of UCP1 protein 537 immunoreactive multilocular cells with increased 538 staining intensity ( Figure 5B ). 539
Furthermore, mice lacking TRP53 had increased 540 expression in iWAT of genes encoding enzymes 541 involved in β-oxidative pathways responsible for 542 degradation of fatty acids, namely the carnitine 543 palmitoyltransferases (Cpt1a (liver), Cpt1b (muscle 544 and iWAT) and Cpt2), acyl-Coenzyme A 545 dehydrogenase, medium chain (Acadm) and 546 peroxisome proliferator-activated receptor α 547 (Ppara). Interestingly, this increment was specific 548 for the adipose tissue as their expression levels were 549 unaltered in muscle and liver, two tissues with high 550 β-oxidation capacity ( Figure 5C ). 551
We employed indirect calorimetry to investigate 552 whether oxygen consumption, as would be 553 predicted, was increased in the TRP53-deficient 554 mice. However, no significant differences in oxygen 555 consumption, CO 2 production or respiratory 556 exchange ratio (RER) in TRP53-deficient mice were 557 observed ( Figure 6A -C), a result possibly reflecting 558 that small changes in energy expenditure which over 559 time significantly result in altered adipose mass 560 cannot be determined by relative short-time indirect 561 calorimetry measurements (7, 50, 56) . 562
Collectively, these data indicate that energy 563 expenditure is increased in TRP53-deficient mice, 564
and that p53 regulates β-oxidative capacity in a 565 tissue-specific manner. This notion was supported 566 by the finding that the expression of Synthesis of 567 Cytochrome c Oxidase 2, (Sco2) involved in 568 mitochondrial respiration was similar in iWAT of 569 wildtype and TRP53-deficient mice, but decreased 570 in livers of mice lacking TRP53 ( Figure 6D ), the 571 latter being in accordance with previous findings 572 (40). 573 574
TRP53-deficient adipocytes express UCP1 575
The data above indicated that the ability of TRP53-576 deficient mice to resist high-fat feeding-induced 577 obesity could rely at least partially on the increased 578 activation of the thermogenic program in iWAT. Figure 8A ).
630
Still, expression of other PPARGC1a and PPARG1b 631 target genes was also increased in the TRP53-632 deficient adipocytes upon 9-cis RA and 633 isoproterenol treatment ( Figure 8B ). 634 Figure 10B+D ). Furthermore, 687 primary cells from iBAT also differentiated into 688 adipocytes having higher expression of Ucp1 689 mRNA, and mRNAs encoding proteins involved in 690 mitochondrial electron transport ( Figure 10D ), 691 suggesting a general adipocyte-related effect of p53.
SV40 large T antigen is known to bind and

692
In this context it is noteworthy that expression of 693
Sco2 mRNA was not impaired in the in vitro 694 differentiated primary adipocytes derived from 695 iWAT or iBAT of TRP53-deficient mice ( Figure  696  10B+D Figure 11A ). 728
We therefore examined if p53 could modulate the 729 activity of the cofactors directly. Not only was 730 wildtype p53 able to decrease the activity of GAL4-731 fused PPARGC1a ( Figure 11B ). A DNA-binding 732 deficient mutant (p53 R175D) also lowered 733
PPARGC1a activity. The mutant was, however, less 734 efficient despite similar levels of expression ( Figure  735 10B). Furthermore, when performing GST-pull 736 down with fragments of PPARGC1a, we were able 737 to pull down in vitro translated p53. More 738 specifically, p53 bound to two regions of 739 PPARGC1a, aa202-403 and aa551-797 ( Figure  740 11C). 741
If p53 regulates Ucp1 expression independently of 742 its DNA-binding ability, ectopic expression of the 743 p53 R175D mutant should lower Ucp1 mRNA 744 levels in MEFs lacking TRP53 differentiated in the 745 presence of rosiglitazone. Indeed, forced expression 746 of p53 R175D lowered Ucp1 mRNA expression 747 ( Figure 12A) showing that the ability of TRP53 to 748 regulate expression of Ucp1 was not dependent on 749 its ability to bind DNA. 750
Besides regulating the expression of Ucp1, 751
PPARGC1a and PPARGC1b are also involved in 752 the regulation of several genes involved in oxidative 753 phosphorylation in adipocytes (13, 57). In keeping 754 with the suggested negative impact of p53 on 755 PPARGC1a and PPARGC1b, ectopic expression of 756 p53 R175D lowered both the expression levels of 757 the rate-limiting enzymes in β-oxidation as well as 758 β-oxidation itself in the TRP53-deficient adipocytes 759
( Figure 12B+C 
